ABSTRACT Purpose: To compare therapeutic outcomes between trabeculectomy and medical therapy in patients with open-angle glaucoma. Methods: In the present retrospective comparative study, the medical charts of 284 patients (eyes) newly diagnosed with open-angle glaucoma who had received conventional medications (n=188) or undergone fornix-based trabeculectomy (n=96) at a teaching eye hospital were reviewed. Results: At a mean follow-up of 6.6 years, post-treatment changes in intraocular pressure (IOP), visual field (VF), best spectacle-corrected visual acuity (BSCVA), and number of required drugs were significantly more favorable in the surgical group (P<0.001 for all comparisons). However, the frequency of clinically desirable IOP (≤21 mmHg) at the endpoint was comparable between the surgical and medical groups (87.2% vs. 82.3%; P=0.26). The rate of conversion to surgical therapy was 34% in the medical group. A greater baseline requirement for anti-glaucoma drugs (two or more) was the only independent predictor of treatment failure in the present study. Conclusions: Although more severe cases naturally receive trabeculectomy, the surgical approach had greater efficacy than conventional medical therapy in patients with open-angle glaucoma. An initial requirement for two or more anti-glaucoma drugs may predict failure of medical therapy.
INTRODUCTION
Glaucoma is the most common cause of visual impairment and blindness, with an estimated worldwide prevalence of 60 million (1, 2) . The primary target of available standard treatments is intraocular pressure (IOP) because elevated IOP has been shown to contribute to neural cell death in glaucoma (3) . In addition, IOP is currently regarded as the only practically modifiable risk factor in glaucoma with consequential benefits in preserving the visual field (VF) (4) . Both medical and surgical approaches have demonstrated efficacy in decreasing IOP (5) . Examples of commonly used medications in treating glaucoma include eye drops, such as beta-adrenergic antagonists and prostaglandin analogs, topical and oral carbonic anhydrase inhibitors, and alpha-adrenergic agonists. On the other hand, trabeculectomy has been considered the surgical method of choice since the late 1960s (5, 6) . Previously, several studies have compared therapeutic therapeutic outcomes between medical treatment and trabeculectomy in pa tients with glaucoma. However, the results of these studies have been inconclusive because of technical limitations, such as short follow-up periods and heterogeneous study groups; in addition, many such studies are very old and outdated (5, (7) (8) (9) . In addition, recent studies have reported the development of newer anti-glaucoma drugs, in addition to the refinement of surgical techniques. Thus, the present study aimed to compare therapeutic outcomes between trabeculectomy and conventional medical therapy in patients with open-angle glaucoma.
METHODS
In the present retrospective study, the medical records of 284 Azeri patients with newly diagnosed open-angle glaucoma treated at Nikookari teaching eye hospital between 2009 and 2014 were reviewed. The present study was approved by the ethics committee of the Tabriz University of Medical Sciences.
The diagnosis and classification of glaucoma was performed accor ding to previously accepted guidelines (5, 10) . Only one eye of each patient was used in the present study, including the involved eye in patients with unilateral glaucoma, and the eye with more severe disease in patients with bilateral glaucoma. Accordingly, 96 eyes were assigned to the surgical (trabeculectomy) group, and 188 eyes were assigned to the medical group. The exclusion criteria for the present study were as follows: previous diagnosis of glaucoma (up to 2 weeks before enrollment), history of eye trauma, presence of risk factors for failure of trabecu lectomy (age less than 40 years at diagnosis, previous intraocular sur gery, and inflammatory, neovascular, traumatic, dysgenetic, or aphakic/pseudophakic types of glaucoma) (11) , any eye surgery during the follow-up period, insufficient data, and insufficient follow-up period. Information for follow-up was obtained from patient charts. In our clinic, all newly diagnosed patients with open-angle glaucoma initially receive medical treatment, including beta blockers or prostaglandin analogues, with further medications added in a step-by-step fashion until the target IOP is achieved. In patients in whom the target IOP is not achieved by 12 weeks, trabeculectomy without mitomycin-C is performed providing patients are considered to be at low risk of surgical treatment failure. In the present study, all patients in the surgical group underwent fornix-based trabeculectomy without releasable suture, with similar follow-up to other patients.
Medical therapy versus trabeculectomy in patients with open-angle glaucoma
At the time of admission all patients underwent a set of complete eye examinations, including best spectacle visual acuity measurements using standard Snellen charts, gonioscopy, IOP measurement with a standard applanation tonometer, detailed optic disc examinations, and perimetry. IOP measurements were performed in the morning, with the average of two consecutive readings used in the present study analysis. Perimetry was performed using a Humphrey Field Analyzer (HFA; model II 750, Carl Zeiss Meditec AG, Jena, Germany), with the SITA STANDARD 30-2 threshold strategy employed. The mean deviation (MD) of perimetric indexes was used in all subsequent analyses.
All trabeculectomies had been performed by 3 experienced attendant surgeons, with a target IOP of less than or equal to 21 mmHg considered clinically desirable (6) .
StatiStical analySiS
SPSS software version 22.0 (IBM, USA) was used for all statistical analyses. A normal distribution of numerical data was confirmed using the Kolmogorov-Smirnov test. Independent samples t test (for comparisons of age, follow-up time, IOP, VF, best spectacle corrected visual acuity (BSCVA), drug number, time of adding further drug(s), and time of operation/reoperation between groups), chi-square test (for comparisons of sex, glaucoma type, need for further drug(s), need for operation/reoperation, and designated IOP between groups), repea ted measures analysis (for determining changing trends in mean IOP, VF, BSCVA, and drug number before and after treatment), and a logistic regression model (for detecting possible independent predictors of failure in treatment) were used. Receiver operator characteristic (ROC) curves were used to determine the optimal cut-off point for drug number at baseline in predicting medical failure. P-values of ≤0.05 were considered statistically significant.
RESULTS
Comparisons of demographic data and study variables before and after treatment between the two medical and surgical groups are presented in table 1. The two groups were comparable in terms of sex, age, and follow-up time. In contrast, the frequency of pigmentary subtype of glaucoma (PIG), and mean IOP, BSCVA, and number of drugs at baseline were significantly higher in the surgical group. The mean pretreatment VF was significantly higher in the medical group. At the study endpoint, significantly more eyes in the surgical group required additional medication(s), whereas treatment failure (requirement of surgical treatment) was significantly more frequent in the medical group.
No significant differences in the mean time between the principal intervention and requirement of further medications or operations (in the medical group), or reoperation (in the surgical group), was observed. In addition, no significant difference in the frequency of eyes with an IOP ≤21 mmHg at the study endpoint was observed between the two groups ( Table 1) .
Trends in mean IOP, VF, BSCVA, and number of drugs before and after treatment in the two groups are shown in figure 1 . According to the results of repeated measures analysis, mean IOP, VF, BSCVA, and number of drugs before and after treatment were all significantly more favorable in the surgical group at the study endpoint (P<0.001 for all comparisons).
Comparisons of study variables between eyes with failed and successful medical therapies are shown in table 2. Patients in the failed group were significantly younger, with a higher mean IOP, and received a greater number of drugs at baseline. In multivariate analysis, the number of drugs at baseline was the only independent predictor of medical failure (P=0.03; optimal cut-off point, 2 medications).
Similar comparisons between eyes with failed and successful trabeculectomies are presented in table 3. Accordingly, no significant predictor of surgical failure was identified in the present study.
DISCUSSION
In the present work, trabeculectomy was associated with significantly better outcomes in terms of changes in IOP, VF, BSCVA, and number of drugs compared to medical treatment in patients with open-angle glaucoma. Despite these favorable outcomes, the surgical and medical groups were comparable in terms of clinically desirable IOP (i.e., ≤21 mmHg) at the study endpoint.
In corroboration with these findings, Smith (12, 13) also reported more favorable IOP changes in eyes that underwent trabeculectomy compared to those that received medical therapy only. In contrast, they reported no significant differences in visual acuity or field between the two groups.
Despite considerably longer follow-up durations in the previous study by Smith (18 years) , it should be noted that these studies date back to the 80's and 90's, when current cutting-edge technology, advanced surgical techniques, and patient care facilities were not available.
Similar to our findings, but in contrast with Smith's series, Jay, and Allan (14) reported better VF changes in eyes with primary open-angle glaucoma after trabeculectomy compared to those that received conventional medical treatment at a mean follow-up of 4.6 years. Unlike in the present study, no significant difference in visual acuity changes before and after treatment was observed between surgical and medical groups.
In line with our findings in terms of VF changes, three previous trials from the UK (15) (16) (17) compared initial medical treatment and early trabeculectomy, indicating significantly less severe deterioration of visual field with early trabeculectomy.
In a recent Cochrane study, Burr et al. (2) reviewed the findings of four randomized controlled trials that had compared medical therapy and trabeculectomy in adults with open-angle glaucoma (n=888). In corroboration with the findings of the present study, they concluded that primary trabeculectomy is superior to primary medical therapy in decreasing IOP. Conversely, Lichter et al. (18) found no significant differences in IOP reduction or VF deterioration between patients with open-angle glaucoma who underwent initial medical therapy or trabeculectomy at 5 years follow-up.
Despite a significant difference between the medical and surgical groups in terms of IOP changes before and after treatment in the present study, the two groups were comparable in terms of the frequency of cases with clinically desirable IOP at the study endpoint (82.3% in the medical group vs. 87.2% in the surgical group).
Trabeculectomy reported had a success rates ranging between 48% and 98% according to previous literature (6, 7, (19) (20) (21) (22) (23) (24) (25) (26) . The exact rate in eyes with medical therapy, however, is unknown. As mentioned above, there is currently a lack of sufficient data from recent studies of newer medications and surgical techniques for glaucoma (2) , with many previous reports using flawed methodologies (5) and varying follow-up periods as well as employing different criteria to define success (6) , potentially underlying the heterogeneity in reported results. Although the efficacy of medical therapy and trabeculectomy in achieving endpoint desirable IOP did not differ significantly in the present study, the rate of failure in the medical group, i.e., the number of cases that eventually needed trabeculectomy, was still high (34%).
In an attempt to determine potential predictors of treatment failure, we compared study variables between failed and successful medical therapy. On the basis of these findings, younger age, a higher IOP at diagnosis, and initial requirement for a greater number of pharmacological agents to control the disease were significantly associated with the failure of medical therapy. The only independent predictor, however, was the initial number of drugs (two or more).
Younger age has previously been reported as a predictor of failure of trabeculectomy (27) , but not in cases receiving medical treatments. The association between age and IOP remains controversial. Although it has been suggested that IOP increases with age in Western populations, this association may differ in other ethnic groups (28) . However, according to the univariate and multivariate models of the present study, a negative correlation between age and IOP may be plausible. Further studies evaluating this association are required.
Previous studies have posited that toxic effects of anti-glaucoma drugs, by inducing morphological changes in the conjunctiva and Tenon's capsule (29, 30) , enhance the severity of local inflammation, and may increase the risk of external bleb scarring and filtration surgery failure (9, 17, 30, 31) and developing a significant foreshortening of the inferior fornix secondary to conjunctival fibrosis (32) . The higher rate of failure in patients receiving medical treatments who required a greater number of initial anti-glaucoma medications in the present study may be attributable to these mechanisms. In addition, the requirement of more drugs may imply a more complicated (intractable) condition in which treatment failure may be more expected.
In the present study, we aimed to identify predictors of failure in the surgical group. However, we were unable to identify any single factor as a significant predictor of surgical failure. This finding may partly be attributable to the exclusion of cases considered high risk of treatment failure according to the presence of previously reported risk factors (11) and the small number of cases with the failure of primary trabeculectomy included in the present study.
According to the findings of the present study, trabeculectomy was superior to medical treatment in patients with open-angle glaucoma. Although trabeculectomy may be associated with potentially vision-threatening consequences such as infection, hypotony, and over-filtration (2) , these complications are reportedly very rare. An advantage of trabeculectomy over medical therapy is a reduction in issues related to pharmacological therapy duration and adherence. In addition, in many countries adequate medical therapy and close supervision are not possible in patients with glaucoma (16) . Finally, it has been shown that early trabeculectomy is more cost-effective than medical therapy. This is particularly important when resources are limited (2, 33) . We acknowledge an important but inevitable limitation of the present study. The purpose of the present study was to compare therapeutic outcomes between trabeculectomy and medical treatment to decrease IOP. Ideally, the two groups to be compared should be matched in all aspects that may influence the results, such as age, sex, type, and severity of glaucoma, follow-up time, initial IOP, number of initial drugs, etc. Although we did our best to match the two groups as much as possible in this regard, differences in some important aspects, such as the type of glaucoma, initial IOP, and number of drugs, remained. Although this unavoidable limitation does not invalidate the findings of the present study, it may be considered as a compromising factor that may have adversely affected the results and conclusions. However, because the present study observed superior results in the surgical group, this limitation supports our major findings as, although more severe cases are naturally designated to the trabeculectomy group, the surgical approach demonstrated greater efficacy than conventional medical therapy in patients with open-angle glaucoma. The exclusion of patients considered high-risk patients for failure of trabeculectomy was a limitation of the present study that may have caused selection bias. This may have resulted in more favorable results in the trabeculectomy group; however, the use of a particular therapeutic approach specifically in low-risk patients may have minimized bias related to this approach. The retrospective nature of the present study was a further limitation of the present study. The findings of the present study provide a rationale for future prospective studies, particularly those designed to identify predictors of failure in medical and surgical groups and including both low-risk and high-risk patients for failure of trabeculectomy.
